Forecasting volatility using LINEX loss functions by Hwang, Soosung et al.





Forecasting Volatility                
using LINEX Loss Functions 
Soosung Hwang, John Knight and Stephen Satchell 
!"#$%&'()*+ ,"-&()-)(. /')*+ 01234 0"''
!5*%()"*'
6""'5*+ 78&*+9 /*):$#')(. "; <&=>#)?+$
@"A* B*)+A(9 /*):$#')(. "; C$'($#* D*(&#)"
6($EA$* 3F 6&(%A$--9 /*):$#')(. "; <&=>#)?+$
@5*$ GHHH
I>'(#&%(
JA)' E&E$# &EE-)$' (A$ 01234 -"'' ;5*%()"*' (" :"-&()-)(. ;"#$%&'()*+F C$ ?$#):$
(A$ "E()=&- "*$K'($EK&A$&? 01234 ;"#$%&'( ;"# :&#)"5' :"-&()-)(. ="?$-'F D5# #$'5-('
'5++$'( (A&( (A$ 01234 -"'' ;5*%()"* =&. +):$ 5' >$(($# ;"#$%&'(' (A&* %"*:$*()"*&-
"*$'F
!"#$%&'() 01234 0"'' !5*%()"*9 !"#$%&'()*+9 ,"-&()-)(.F
* +,-&%'./-0%,
3=E)#)%&- $:)?$*%$ '5++$'(' (A&( (A$ '$#)&- %"##$-&()"* "; #$(5#*' )' *"( '(#"*+ &*?
#$(5#*' &#$ *"( E&#()%5-&#-. ;"#$%&'()>-$F 7"8$:$#9 )( )' ;"5*? (A&( :"-&()-)(.9 A"8K
$:$# =$&'5#$?9 A&' '(#"*+ &5("%"##$-&()"*' ":$# ()=$9 '$$ L)*+9 M#&*+$#9 &*? 3*+-$
NGHHOPF JA$ #$%$*( '(5?. "; <A#)'("Q$#'$* &*? L)$>"-? NGHHRP %"*S#=' (A&( :"-&()-K
)(. %&* >$ ;"#$%&'($? ":$# GT (" GU ?&.'F C$ #$;$# #$&?$#' (" L&. &*? 0$8)' NGHHVP9
3*+-$9 7"*+9 B&*$9 &*? 2"A NGHHWP9 7&#:$. &*? CA&-$. NGHHVP9 0&="5#$5X &*?
0&'(#&E$' NGHHWP9 2"A9 3*+-$9 &*? B&*$ NGHHOP9 78&*+ &*? 6&(%A$-- NGHHRP9 &*?
B*)+A( &*? 6&(%A$-- NGHHR>P ;"# ="#$ ?$(&)-' "* :"-&()-)(. ;"#$%&'()*+F
!"#$%&'()*+ :"-&()-)(. A&' >$$* & =&Y"# )''5$ )* S*&*%$ ;"# '"=$ ()=$F !"#
$X&=E-$9 :"-&()-)(. ;"#$%&'(' &#$ 5'$? (" E#)%$ "E()"*' &*? (" ;"#$%&'( "E()"* E#)%$'Z
(A$. %&* >$ 5'$? (" E#"?5%$ %"*S?$*%$ )*($#:&-' ;"# (A$ E#)%$' "; (A$ 5*?$#-.)*+
G
&''$(' &*? (A$ ;"#$%&'(' %&* >$ 5'$? &' & %"=E"*$*( "; =5-()KE$#)"? )*:$'(=$*(
'(#&($+)$'F JA$ #$%$*( +#"8)*+ %"*%$#* &>"5( #)'[ =&*&+$=$*( &*? (A$ #&E)? +#"8(A
)* S*&*%)&- ?$#):&():$ =&#[$(' A&' #$'5-($? )* :"-&()-)(. ;"#$%&'()*+ &((#&%()*+ & +#$&(
?$&- "; )*($#$'(F
JA$ =&Y"# ?$:$-"E=$*( )* ="?$--)*+ &*? ;"#$%&'()*+ :"-&()-)(. A&' >$$* (A$
)*(#"?5%()"* "; I\<7 ="?$-' >. 3*+-$ NGHRVPF 6)*%$ (A$*9 *5=$#"5' %"*?)()"*&-
:"-&()-)(. ="?$-' A&:$ >$$* '5++$'($? &*? ($'($?9 &*? (A$#$ A&:$ >$$* & *5=>$# ";
E&E$#' %"*%$#*)*+ (A$ &EE#"E#)&($*$'' "; 5')*+ =$&*K']5&#$? $##"# %&-%5-&()"*' ("
$:&-5&($ (A$ $^%&%. "; :"-&()-)(. ;"#$%&'('9 '$$ <A#)'("Q$#'$* &*? L)$>"-? NGHH_PF
1( )' *"8 5*?$#'(""? (A&( & %"=E&#)'"* >$(8$$* ']5&#$? #$(5#*' &*? (A$ ;"#$%&'($?
:"-&()-)(. )' *"(9 )* +$*$#&-9 :&-)?9 &*? (A&( "(A$# &EE#"&%A$' (" :"-&()-)(. ;"#$%&'(
$:&-5&()"* *$$? (" >$ %"*')?$#$?F
!"--"8)*+ ,&#)&* NGH`UP9 a$--*$# NGHR_P9 &*? <A#)'("Q$#'$* &*? L)$>"-? NGHH_9
GHH`>P9 8$ &?:"%&($ (A$ 5'$ "; 01234 "E()=&- ;"#$%&'('F 1( (5#*' "5( (A&( (A$
;"#$%&'(' %&* >$ $XE-)%)(-. %"=E5($? ;"# & #&*+$ "; %5##$*(-. 5'$? :"-&()-)(. ="?$-'F
C$ $X($*? (A$)# #$'5-(' >. E#$'$*()*+ #$'5-(' ;"# %"*?)()"*&- &*? 5*%"*?)()"*&- "*$K
'($EK&A$&? ;"#$%&'(' ;"# MI\<79 3XE"*$*()&- MI\<79 '("%A&'()% :"-&()-)(.9 &*? &
=":)*+ &:$#&+$ %"*?)()"*&- A$($#"'[$?&'()%)(. ="?$-F
I +$*$#&- ?)'%5'')"* "* 01234 ;"#$%&'()*+ )' E#$'$*($? )* 6$%()"* V9 "5# ;"#=5-&$
&#$ ?$#):$? )* 6$%()"* W9 %&-%5-&()"*' &*? %"*%-5')"*' &#$ E#$'$*($? )* 6$%()"*' O &*?
UF
1 2%&"/3(-0,4 5"-.&,( 3,' 6%73-070-#
1* (A)' '$%()"* 8$ %"*')?$# '"=$ &-($#*&():$ E#"%$?5#$' ;"# ;"#$%&'()*+ (A&( (&[$ )*("
&%%"5*( (A$ &'.==$(#. "; -"''F C$ 'A&-- )*)()&--. %"*')?$# 01234 -"'' ;5*%()"*'9
'$$ ,&#)&* NGH`UP9 a$--*$# NGHR_P9 &*? <A#)'("Q$#'$* &*? L)$>"-? NGHH_9 GHH`>P ;"#
(A$ A)'("#. &*? ="():&()"* "; (A)' =$(A"?F D*$ "; (A$ ="'( ')+*)S%&*( ?)Q$#$*%$'
>$(8$$* (A$ ="'( ;#$]5$*(-. 5'$? -"'' ;5*%()"*9 )F$F9 (A$ =$&* ']5&#$ -"'' ;5*%()"*9
&*? 01234 -"'' ;5*%()"*' )' (A&( (A$ =$&* ']5&#$ -"'' ;5*%()"* )' '.==$(#)%&-9 8A)-$
01234 -"'' ;5*%()"*' &#$ &'.==$()%F
JA$ &'.==$(#)% 01234 -"'' ;5*%()"* !!"" )' +):$* >.b
!!"" # $%&!!#"" ' #"! ( NGP
8A$#$ " )' (A$ -"'' &''"%)&($? 8)(A (A$ E#$?)%():$ $##"# &*? # )' & +):$* E&#&=$($#F
!)+5#$ G 'A"8' (A$ &'.==$(#)% E#"E$#()$' "; (A$ 01234 -"'' ;5*%()"*F C)(A &*
&EE#"E#)&($ 01234 E&#&=$($# #9 8$ %&* #$c$%( '=&-- N-&#+$P -"''$' ;"# 5*?$#$'()K
=&()"* "# ":$#$'()=&()"*F 1* E&#()%5-&#9 & *$+&():$ # 8)-- #$c$%( '=&-- -"''$' ;"#
":$#$'()=&()"* &*? -&#+$ -"''$' ;"# 5*?$#$'()=&()"*F JA$ &'.==$(#)%&- 8$)+A(' "*
-"''$' >$%"=$ %-$&# 8A$* 8$ %"=E&#$ (A$ %"*:$*()"*&- =$&* ']5&#$ -"'' ;5*%()"*9
" 9 8A)%A )' #$E#$'$*($? >. (A$ (A)%[ -)*$ )* S+5#$ GF
V
I ;"#$%&'( $ )' %"=E5($? >. %&##.)*+ "5( (A$ ;"--"8)*+ "E()=)d&()"*
)*+
!
!!% ! $"&'(!%"'% NVP
8A$#$ % )' (A$ :&#)&>-$ 8$ 8)'A (" ;"#$%&'(F &'(!%" )' (A$ 5*%"*?)()"*&- "# %"*?)()"*&-
E#">&>)-)(. ;5*%()"* "; %9 ?$E$*?)*+ "* (A$ %"*($X(F 1; 8$ '5>'()(5($ NGP )*(" NVP 8$
'$$ (A&( !
!!% ! $"&'(!%"'% # $%&!$#") !!#" ' #* ! #$! (
8A$#$ ) !+" )' (A$ ="=$*( +$*$#&()*+ ;5*%()"* "; % $:&-5&($? &( +9 * # ,!%"F
L)Q$#$*()&()*+ (A$ &>":$ 8)(A #$'E$%( (" $9 8$ S*? (A&( (A$ "E()=&- $ )' +):$* >."$ # !-.!) !!#""/# NWP
JA)' )' $''$*()&--. (A$ #$'5-( +):$* )* $]5&()"* NWFVP )* a$--*$# NGHR_PF
<"*')?$# '"=$ ;&)#-. +$*$#&- #$(5#*' E#"%$''9 %
% # * ' 0 1 NOP
8A$#$ * )' & ?$($#=)*)'()% =$&* &*? 0 )' (A$ %"*?)()"*&- :&#)&*%$9 1 )' 2!,3 ("9
(A$ 5*%"*?)()"*&- =+; "; % 3) !!#"3 )' +):$* >.
) !!#" # $%&!!#* ") !#
-
"
8A$#$ ) !"" )' (A$ 5*%"*?)()"*&- =+; "; (A$ '("%A&'()% :"-&()-)(. E#"%$''F
1( ;"--"8' )==$?)&($-. (A&( (A$ "E()=&- 5*%"*?)()"*&- 01234 ;"#$%&'($ )' +):$*
>. "$ # * ! -.!) !#
-
""!#4 NUP
!"# # 5 ,9 (A$ $X(#& ($#= %&* >$ E"')():$ "# *$+&():$ ?$E$*?)*+ "* (A$ ?)'(#)>5()"*
"; 0 4 !5#(A$#="#$9 (A$ $XE$%(&()"* =&. "*-. >$ ?$S*$? ;"# '"=$ :&-5$' "; #F
J" )--5'(#&($ (A$ &>":$9 %"*')?$# 0 ;"--"8)*+ & 6 !)" ?)'(#)>5()"*9 (A$*
$ # * '
)
-#
-.!(! # "3 T 7 # 7 (
&*? * ?$($#=)*)'()%F
1* +$*$#&-9 ;#"= NOP





-.!$%&!!*#", !) !!#0 ""
# *! (
#
-., !) !!#0 ""
8A$#$ ) !!#" # ,.$%&!!#1 "/4 1* =&*. %&'$'9 E&#()%5-&#-. )* "E()"* E#)%)*+ E#">K
-$='9 ;"#$%&'()*+ (A$ :"-&()-)(. )' & ("E)% "; ?)#$%( )*($#$'(F 1* 8A&( ;"--"8'9 8$ 'A&--
%"*%$*(#&($ "* 01234 :"-&()-)(. ;"#$%&'('F
W
8 6%73-070-# 2%&"/3(-(
<A#)'("Q$#'$* &*? L)$>"-? NGHH`P N<LP A&:$ $X&=)*$? (A$ E#"E$#()$' "; 01234
;"#$%&'(' 5*?$# (A$ &''5=E()"* (A&( (A$ '(&()'()%&- E#"%$'' )' %"*?)()"*&--. *"#=&-F
C$ 8"5-? 8#)($ (A)' &' % #0 $ 2!* 3 0 " 8A$#$ 0 )' (A$ )*;"#=&()"* '$(
5E (" ()=$ +9 (.E)%&--. 0 # %% 3 4443 % &3 &*? 8A$#$ * &*? 0 &#$ (A$ =$&*
&*? :&#)&*%$ "; % 9 %"*?)()"*&- "* 0 9 8$ %&* 8#)($ % #0 &' % F
/E"* $X&=)*&()"* "; '(&*?&#? ="?$-'9 A"8$:$#9 8$ S*? (A&( (A$ &>":$ %"*?)()"*
#&#$-. A"-?'F !"# I\<7eMI\<7 ="?$-' )*(#"?5%$? >. 3*+-$ NGHRVP &*? f"--$#K
'-$: NGHR_P9 ;"# $X&=E-$9 % )' %"*?)()"*&--. *"#=&- >5( % )' *"( *"#=&- ;"#
$ 5 (9 '$$ f&)--)$ &*? f"--$#'-$: NGHHVP &*? B*)+A( &*? 6&(%A$-- NGHHR>P ;"# ?$(&)-$?
?)'%5'')"*F !"# '("%A&'()% :"-&()-)(. N6,P ="?$-' ?$:$-"E$? >. J&.-"# NGHR_P &*?
7&#:$. &*? 6A$EA&#? NGHHW9 GHH_P9 % )' *"( *"#=&-9 $:$* ); 8$ $XE&*? 0 ("
)*%-5?$ (A$ :"-&()-)()$' 5E (" ()=$ +F !"# (A$'$ #$&'"*' 8$ S*? (A&( (A$ <L &*&-.')'9
&-(A"5+A )*($#$'()*+9 &EE-)$' (" :$#. ;$8 $X&=E-$' "; E#"%$''$' 5'$? >. $%"*"=)'('F
JA$ ="():&()"* ;"# (A)' E&E$# )' (" $X($*? <Lg' #$'5-(' (" ="#$ +$*$#&- :"-&()-K
)(. ;"#$%&'('F 1* (A)' '$%()"* 8$ ?$#):$9 )* %-"'$? ;"#= 8A$#$ E"'')>-$9 %"*?)()"*&-
&*? 5*%"*?)()"*&- 01234 ;"#$%&'(' ;"# 6, ="?$-' &*? ;"# (A$ 3KMI\<7 ="?$- ";
2$-'"* NGHHGP &*? & :"-&()-)(. E#"%$'' ?5$ (" B*)+A( &*? 6&(%A$-- NGHHR>PF
89* :%,'0-0%,0,4 %, ;3(- 0,<%&=3-0%, 3,' >%73-070-# =%'"7(9
C$ 'A&-- ?$*"($ 0 &' (A$ )*;"#=&()"* '$( &EE#"E#)&($ (" (A$ %"*?)()"*)*+F CA)-'(
)( )' ">:)"5' (A&( 8$ 8"5-? )*%-5?$ % 3 4443 % )* 0 9 )( )' >. *" =$&*' %-$&# (A&(
%"*?)()"*&- :"-&()-)(.9 $ 3 4443 $ 3 'A"5-? &-'" >$ )*%-5?$? ')*%$ (A$'$ :&#)&>-$' &#$ *"(
">'$#:$? >. (A$ $%"*"=$(#)%)&* ;"# &*. "; (A$ ="?$-' (A&( 'A&-- >$ ?)'%5''$? )*
(A)' '$%()"*F 7"8$:$#9 (A$ %"*:$*)$*( &''5=E()"* (A&( (A$ )*:$'("#' [*"8 (A$ (#5$
E&#&=$($# :&-5$' >5( *"( (A$ $%"*"=$(#)%)&* %&* >$ 5'$? (" +):$ & ?$S*)()"* ";
&:&)-&>-$ )*;"#=&()"*F !"# (A)' #$&'"* 8$ 'A&-- &?"E( (A$ ;"--"8)*+ ?$S*)()"*
?"@,0-0%, * !" #$% &'$& ()*+,&,)*$- .)-$&,-,&% )/ &,0" +1 $ 3 2"-)*3# &) &'" ()*+,4
&,)*,*3 #"& 0 ,/ $ ($* 2" ()056&"+ "7$(&-% 3,."* 8*)9-"+3" )/ &'" &:6" 5$:$0"&":#1
$55:)5:,$&" ,*,&,$- .$-6"# /): &'" #&)('$#&,( 5:)("## 3).":*,*3 $ 1 $*+ &'" )2#":."+
+$&$1 % 3 4443 % ;
C$ 'A&-- &EE-. L$S*)()"* G 8A$* %"*')?$#)*+ (A$ ?)Q$#$*( ="?$-' 5*?$# %"*')?K
$#&()"*F 65==&#)')*+ (A$'$ ;5(5#$ #$'5-(' 8$ *"($ (A&( ;"# & MI\<7 NG9GP9 8A$#$
$ # 8'9$ ':% 9 8$ %"5-? %"=E5($ $ 3 4443 $ +):$* $ 9 83 93 : &*? h% 3 444% i
'" (A&( $ 3 4443 $ &#$ %-$&#-. )* 0 F J5#*)*+ *"8 (" & '("%A&'()% :"-&()-)(. ="?$-
N6,jP9 % # ; 1 &*? $ # <'8$ '= 9 )( )' &EE&#$*( (A&( [*"8-$?+$ "; $ 9
<3 >9 8 &*? h% 3 444% i )' *"( $*"5+A (" %"=E5($ $ 3 4443 $ '" (A&( (A$'$ :&#)&>-$' &#$
*"( )* 0 F 1( )' )*($#$'()*+ (" '$$ (A&( 2$-'"*g' 3XE"*$*()&- MI\<7 ="?$- N2$-K
'"*9 GHHGP A&' (A$ '&=$ E#"E$#()$' &' MI\<7 &' ?"$' (A$ B*)+A( &*? 6&(%A$-- NG9GP
O
="?$- NB*)+A( &*? 6&(%A$--9 GHHR>PF 6$$ (A$ ;"--"8)*+ '5>'$%()"*' ;"# (A$ ?$S*)()"*'
"; ="?$-' &*? ;5#(A$# ?)'%5'')"*'F
891 AB5:CD!E"F G%'"7(
JA$ MI\<7N51<P E#"%$'' )' ?$S*$? >.






8A$#$ ; $ ??' 2!,3 ("F C$ 'A&-- %"=E5($ %"*?)()"*&- ;"#$%&'(' ;"# -.% &*? % F JA$
)*;"#=&()"* '$(9 &%%"#?)*+ (" L$S*)()"* G9 )*%-5?$' $ 3 4443 $ F
!)#'(-.9
-.% # -.; ' -.$ NRP
# -.6 ' -.$
JA5' (A$ ="=$*( +$*$#&()*+ ;5*%()"* "; -.% )'
,.1 / # ,.1 /,.1 / NHP
JA$ ="=$*( +$*$#&()*+ ;5*%()"* "; -.6 )'
) !!#" # ,.1 / NGTP












J#&*';"#=)*+ ;#"= " (" @ # "/- 9 8A)%A )=E-)$' '" # -'@9 8$ '$$ (A&(













8A$#$ 1!4" )' (A$ +&==& ;5*%()"* &*? (A$ 01234 E&#&=$($# # )' #$'(#)%($? (" >$
-$'' (A&* ')*%$ !# 5 ,F C$ *"8 %"*')?$# %"*?)()"*&- &*? 5*%"*?)()"*&- ;"#$%&'('
"; :"-&()-)(.F
U
8919* H;-0=37 H,"I(-";I3J"3' :%,'0-0%,37 2%&"/3(- %< -.% 3,' % 0,
AB5:C G%'"7(
JA$ ="=$*( +$*$#&()*+ ;5*%()"* %"*?)()"*&- "* E&'( $ )'





JA$#$;"#$9 (A$ 01234 "E()=&- %"*?)()"*&- ;"#$%&'( "; -.!% " )'
,.-.!% "#0 / # !-.!) !!#""
#
# NGVP











1* &??)()"*9 ;"# % 9 (A$ %"*?)()"*&- =+; )'
) !!#" $$ # ,.1 #0 / # ,.1 #$ / NGWP
# 1
JA$#$;"#$9 (A$ "*$ '($E &A$&? %"*?)()"*&- ;"#$%&'( )'










3]5&()"* NGOP &+#$$' 8)(A (A$ <L #$'5-( ?)'%5''$? )* '$%()"* GF
89191 H;-0=37 H,"I(-";I3J"3' K,/%,'0-0%,37 2%&"/3(- %< -.% 3,' % 0,
AB5:C G%'"7(
C$ *"8 %&##. "5( 5*%"*?)()"*&- "*$K'($EK&A$&? ;"#$%&'('F JA$ ="=$*( +$*$#&()*+
;5*%()"* "; -.!% " )'9 ;#"= $]5&()"*' NHP &*? NGTP9 +):$* >.
) "!!#" # ,.1 / # - 1!!#' "
1! "
,.1 /




8A$#$) !!#" )' (A$ 5*%"*?)()"*&- =+; "; -.$ 9 8A)%A )' (.E)%&--. 5*[*"8*F JA$#$K
;"#$9 8$ %&* 8#)($ (A$ 01234 "*$K'($E &A$&? 5*%"*?)()"*&- ;"#$%&'( "; -.!% " &'











8A$#$ # 7 4
!"# % 9 (A$ 5*%"*?)()"*&- =+; )'





7$*%$ (A$ 5*%"*?)()"*&- 01234 ;"#$%&'( "; % )'
,.% / # !-.!) !!#""
#
NG`P
# !-.!) ! ""
#
898 LM;%,",-037 AB5:C
JA$ 3XE"*$*()&- MI\<7 ="?$- )*(#"?5%$? >. 2$-'"* NGHHGP )' +):$* >. NGRP >$K
-"8F 1( )' )*($#$'()*+ (" *"($ (A&( ;"--"8)*+ ?$S*)()"* N`P9 $ 3 4443 $ >$-"*+' (" (A$
)*;"#=&()"* '$(F C$ ?$S*$ % >.9
% # 0 ; NGRP
0 # 1
$ # 8 '
#
9 !A; ' :!# ; # !, # ; #""
2"($ (A&(
-.% # -.0 ' -.;
# $ ' -.; NGHP
'$(()*+ 8 # , 8)(A"5( -"'' "; +$*$#&-)(.9 8$ A&:$





9 !A; ' :!# ; # !, # ; #""
JA5'
,.$%&!!#-.% "/ # ,.1 /,.1 / NVGP
')*%$ $ ?$E$*?' "*-. "* -&++$? ; g'F
8989* H;-0=37 H,"I(-";I3J"3' :%,'0-0%,37 2%&"/3(- %< -.% 0, LIAB5:C
G%'"7(
/')*+ (A$ '&=$ =$(A"? &' )* (A$ MI\<7N51<P ="?$-9 (A$ ="=$*( +$*$#&()*+ ;5*%K
()"* "; -.% %"*?)()"*$? "* $ )'





JA$#$;"#$9 (A$ 01234 "E()=&- %"*?)()"*&- ;"#$%&'( "; -.!% " )'
,.-.!% "#0 / # !-.!) !!#""
#
# NVWP








9 !A; ' :!# ; # !, # ; #""F
89891 H;-0=37 H,"I(-";I3J"3' K,/%,'0-0%,37 2%&"/3(- %< -.% 0, LIAB5:C
G%'"7(
2"8 ')*%$ ; $ ??' 2!,3 (" 8$ A&:$
,.1 / #
&
,.$%&!!#A9 ; ! #9 : #; #"/ " $%&!#9 :, #; #"4 NVOP
3X&=)*)*+ ,.$%&!# ; ' B #; #"/9 8)(A ; $ ??' 2!,3 ("9 8$ A&:$





























!; ! !# ' B "" "';
NV_P
1; 8$ E5( D # ; ! !# ' B "9 (A$* '; # 'D9 '" (A&( 8$ A&:$





# $%&!!# ' B " /-" " 2!# ' B "4











# $%&!!B ! # " /-"2!B ! # "

































.$%&!# 9 !A ' :" /-"2!!#9 !A ' :"" NVHP









JA$#$;"#$9 5')*+ $]5&()"*' NGTP &*? NVGP9 8$ A&:$
,.$%&!!#-.% "/ # - 1!!#' "
1! "
") !!#" NWTP
JA$#$;"#$ (A$ "E()=&- 01234 5*%"*?)()"*&- ;"#$%&'( >. -.% )' +):$* >.




















' -.%$%&!# 9 !A ' :" !-"2!!#9 !A ' :""















-..1 " 2!!#9 !A ' :"" ' 1 " 2!!#9 !: ! A""/
89N O-%/J3(-0/ 6%73-070-# G%'"7
1* (A)' '$%()"*9 8$ )*:$'()+&($ 01234 "E()=&- ;"#$%&'(' "; (A$ '("%A&'()% :"-&()-)(.
="?$- N6,jPF JA)' ="?$- )' ?)'%5''$? )* J&.-"# NGHR_P &*? 7&#:$. &*? 6A$EA&#?
NGHHW9 GHH_PF JA$ 6,j )' +):$* >.
% # ; 1 NWVP
$ # <' 8$ ' = 3 = $ ??' 2!,3 0 "
8A$#$ ; $ ??' 2!,3 (" &*? )( )' &''5=$? (A&( ; &*? = &#$ )*?$E$*?$*(F 2"($
(A$ -"+K:"-&()-)(. %&* >$ #$E#$'$*($? &' -.% # $ ' -.; 4 JA$ ="=$*( +$*$#&()*+
;5*%()"* "; -.% )'
,.$%&!!#-.% "/ # ,.$%&!!#$ " $%&!!#-.; "/ NWWP




I-(A"5+A *"( )==$?)&($-. ">:)"5'9 &%%"#?)*+ (" L$S*)()"* G9 $ 3 4443 $ 3 $ &#$
*"( )* (A$ )*;"#=&()"* '$(9 )*(5)():$-. >$%&5'$ (A$#$ &#$ (8" '"5#%$' "; *")'$F
89N9* H;-0=37 H,"I(-";I3J"3' :%,'0-0%,37 2%&"/3(- %< -.% 0, O6G
JA$ "E()=&- 01234 ;"#$%&'( "; -.% %"*?)()"*&- "* $ )'
,.-.% #0 / # !-.!) !!#""
#
# NWOP






1* +$*$#&- ,!$ #0 " 8)-- ?$E$*? 5E"* -&++$? % :&-5$'9 >5( & ')=E-$ $XE#$'')"*
;"# (A)' ($#= ?"$' *"( &EE$&# (" >$ &:&)-&>-$ )* (A$ 6,jF
GT
89N91 H;-0=37 H,"I(-";I3J"3' K,/%,'0-0%,37 2%&"/3(- %< -.% 0, O6G
2"($ (A&( (A$ 5*%"*?)()"*&- ="=$*( +$*$#&()*+ ;5*%()"* "; $ )'




-!(! 8 "" NWUP
JA$#$;"#$9 (A$ "E()=&- 01234 E#$?)%()"* "; -.% )' +):$* >.

































89P !,04J-IO3-/J"77 G%'0@"' AB5:CD!#"F
JA)' ="?$- )' E#$'$*($? )* B*)+A( &*? 6&(%A$-- NGHHR>PF 3''$*()&--.9 )( 8#)($' $ &'
-)*$&# )* -&++$? $ &*? -&++$? ; 9 (A$#$>. $-)=)*&()*+ (A$ *"*K-)*$&#)()$' )* $]5&()"*
N`PF JA$ B*)+A(K6&(%A$-- NB6P j"?)S$? MI\<7N51<P %&* >$ #$E#$'$*($? &'






8A$#$ ; $ ??' 2!,3 ("F 6$$ B*)+A( &*? 6&(%A$-- NGHHRP ;"# ;5#(A$# ?)'%5'')"* "* (A)'
="?$-F 1* (A)' ="?$- (A$ )*;"#=&()"* '$(9 0 9 %"*(&)*' $ 3 $ 3 3 3 3 $ F
89P9* H;-0=37 H,"I(-";I3J"3' :%,'0-0%,37 2%&"/3(- %< % 0, -J" !OG%'I
0@"' AB5:CD!#"F
JA$ =+; "; % %"*?)()"*)*+ "* (A$ )*;"#=&()"* '$( 0 )'
,.1 #0 / # ,.1 # $ / NWRP
# 1
GG
8A$#$ $ )' ?$S*$? )* $]5&()"* NW`PF JA$#$;"#$9 (A$ 01234 "E()=&- "*$K'($EK&A$&?
;"#$%&'( )'






8A)%A )' $X&%(-. (A$ '&=$ &' (A&( ;"# (A$ MI\<7 ="?$-' )* $]5&()"* NGOP $X%$E(
;"# (A$ ?)Q$#$*( %"*?)()"*&- :"-&()-)(. E#"%$'' $ F I+&)* (A)' )' & 'E$%)&- %&'$ "; (A$
<L #$'5-(F
89P91 H;-0=37 H,"I(-";I3J"3' K,/%,'0-0%,37 2%&"/3(- %< % 0, -J" !O
G%'0@"' AB5:CD*E*F
2"8 -$( 5' %"*')?$# & ')=E-$ %&'$ "; & # ( &*? D # (F JA$ =+; "; (A$ %"*?)()"*&-
:"-&()-)(. "; (A$ ="?)S$? MI\<7NG9GP ="?$- %&* >$ 'A"8* (" >$







!(! # :9 " NOTP
JA$ "E()=&- 01234 "*$K'($EK&A$&? 5*%"*?)()"*&- E#$?)%("# "; % )' +):$* >.
















-.!(! # :9 "
6$$ B*)+A( &*? 6&(%A$-- NGHHRP ;"# E#"";F JA$ "E()=&- 01234 ;"#$%&'( ;"# (A$ ="#$
%"=E-)%&($? B6 MI\<7N&3 DP ="?$-' 8A$#$ &5G &*? D5G 8)-- >$ ">(&)*$? >. &*
&EE-)%&()"* "; (A$ &>":$ =$(A"?F
N 5"(.7-(
N9* 2%&"/3(-0,4 G"3(.&"(
C$ S#'( %&-%5-&($ (A$ "*$K'($E &A$&? ;"#$%&'(9 $ # , !% "9 "; (A$ MI\<7
NG9GP ="?$-F JA$* :&#)"5' =$&'5#$' &#$ %"=E5($? ;"# (A$ ($'( "; ;"#$%&'()*+ E"8$#F
C$ S#'( %&-%5-&($ %"*:$*()"*&- =$&* &>'"-5($ ;"#$%&'( $##"# NjI!3P &*? =$&*










.#% # ! $ /
8A$#$ (A$ *5=>$# . )' (A$ *5=>$# "; ;"#$%&'('F C$ -$( (A$ I #5* ":$# . E$#)"?'
8A$#$ 8$ A&:$ $'()=&($? (A$ ="?$- . ()=$'F JA$'$ =$&'5#$' &#$ "*$ "; (A$ ="'(
;#$]5$*(-. 5'$? =$&'5#$' (" ($'( ;"#$%&'()*+ E"8$# "; & ="?$-9 '$$ L&. &*? 0$8)'
NGHHVP9 3*+-$9 7"*+9 B&*$9 &*? 2"A NGHHWP9 &*? 78&*+ &*? 6&(%A$-- NGHHRP ;"#
$X&=E-$'F I-($#*&():$-.9 8$ %&* 5'$ =$&* &>'"-5($ -"+K;"#$%&'( $##"# NjI0!3P &*?









.-.!% "! -.!$ "/
6$$ <A#)'("?"5-&[)' &*? 6&(%A$-- NGHHRP ;"# (A$'$ =$&'5#$'F
C$ *"8 '5++$'( ;"5# &-($#*&():$ 01234 ;"#$%&'( =$&'5#$' %"##$'E"*?)*+ (" (A$
;"5# %"*:$*()"*&- =$&'5#$' )* $]5&()"*' NOVP &*? NOWPF !"# 01234 :"-&()-)(. ;"#$%&'(
&*? 01234 ;"#$%&'( $##"#9 (A$ -"+&#)(A=' "; %"##$%()"* ;&%("# )* $]5&()"* NGVP9
!JG ' -.!-"! -.. /9 'A"5-? >$ %&-%5-&($?F 2"($ (A&( (A$ +&==& ;5*%()"*
#$]5)#$' !#' 5 , &*? (A5' 8$ A&:$ # 7 4C$ %A""'$ $)+A( :&-5$' ;"# #b #kTFW`U9
TFVU9 TFGVU9 KTFU9 KG9 KGFU9 KV9 &*? KVFUF J" +$( '"=$ )?$& "; (A$ -"'' ;5*%()"* (A&(
(A$'$ *5=>$#' )=E-.9 #$&?$#' 'A"5-? )*'E$%( S+5#$ GF
!"# +):$* E&#&=$($# :&-5$' "; #9 8$ S#'( %&-%5-&($? =$&* &>'"-5($ 01234 ;"#$K









.#% # ! !$ $%&!!JG "" /
&*? =$&* &>'"-5($ 01234 -"+K;"#$%&'( $##"# NEF!G, P &*? =$&* ']5&#$?










.-.!% "! !-.!$ " ' !JG "/
JA$'$ ;"5# =$&'5#$' %&* >$ %"=E&#$? 8)(A (A$ ;"5# =$&'5#$' )* $]5&()"*' NOVP &*?
NOWPF JA$ #$'5-(' 8)-- 'A"8 (A$ $Q$%(' "; 01234 ;"#$%&'( #$E#$'$*($? )* %"*:$*()"*&-
=$&'5#$'F
!)*&--.9 (A$ 01234 =$&'5#$ )' %&-%5-&($?F 2"($ (A&( (A$ 01234 =$&'5#$ )'
!!"" # $%&!!#"" ' #"! (
&' )* $]5&()"* NGPF 2"($ (A&( ;"# & 01234 MI\<7 ;"#$%&'(9 " # -.!% " !
!-.!$ "'!JG "9 8A)-$ ;"# & %"*:$*()"*&- MI\<7 ;"#$%&'(9 " # -.!% "!-.!$ "F
C$ #$E"#( >"(A "; (A$'$ %&'$' (" &''$'' (A$ =&+*)(5?$ "; (A$ %A&*+$ )* (A$ 01234
;"#$%&'( =$&'5#$F
N91 ?3-3 3,' Q&%/"'.&"(
!"# "5# ?&(&9 8$ 5'$ #$(5#* :"-&()-)(. E#":)?$? >. L&(&'(#$&=F C$ (""[ & -&#+$ /B
%"=E&*.9 M-&X" C$--%"=$F C$ 'A&-- "*-. %&-%5-&($ #$'5-(' ;"# MI\<7NG9GP )* 8A&(
;"--"8'F I-(A"5+A 8$ %"5-? $X($*? "5# %&-%5-&()"*' (" &-- ="?$-' ?)'%5''$?9 8$ ;"%5'
"5# &(($*()"* "* MI\<7NG9GP >$%&5'$ "; )(' +#$&( E"E5-&#)(.
JA$ #$(5#* :"-&()-)(. )' %&-%5-&($? ;#"= (A$ -"+K#$(5#* -$'' (A$ =$&* -"+K#$(5#*F
1* 8A&( ;"--"8'9 8$ 'A&-- 5'$ % ;"# (A$ #$(5#* :"-&()-)(. &( ()=$ +F j"#$ ;"#=&--.9
% )' ">(&)*$? ;#"= -"+K#$(5#* '$#)$'9 K 9 &' ;"--"8'b
% # -3,.K ! */
8A$#$ (A$ *5=>$# VUT )' 5'$? (" &**5&-)'$ (A$ ']5&#$? ?&)-. #$(5#* '$#)$' &*? * )'
(A$ )*K'&=E-$ =$&* "; K F I ("(&- "; GH`R ?&)-. -"+K#$(5#*' "; M-&X" C$--%"=$ ;#"=
V @&*5&#. GHHT (" WG @5-. GHH` )' 5'$?F C$ )($#&($ (A&( * )' %&-%5-&($? 5')*+ "*-.
E&'( ">'$#:&()"*' (" &:")? &*. -""[K&A$&? >)&'F
C$ 5'$ & #"--)*+ '&=E-$ "; (A$ E&'( :"-&()-)()$'F D* ?&. +9 (A$ %"*?)()"*&- :"-&()-K
)(. "; "*$ E$#)"? &A$&?9 +'(9 )' %"*'(#5%($? >. 5')*+ (A$ $'()=&($' 8A)%A &#$ ">(&)*$?
;#"= "*-. (A$ E&'( ">'$#:&()"*' N)F$F9 G`WR ">'$#:&()"*' )* (A)' '(5?.PF f. #$%5#'):$
'5>'()(5()"* "; (A$ %"*?)()"*&- :"-&()-)(.9 & "*$K'($E &A$&? ;"#$%&'( )' %"*'(#5%($?F
D* (A$ *$X( ?&. N+'(P9 5')*+ G`WR #$%$*( ">'$#:&()"*' N)F$F9 G`WR ">'$#:&()"*' ;#"=
(A$ '$%"*? ">'$#:&()"* (" (A$ G`WH ">'$#:&()"*P9 8$ $'()=&($ (A$ E&#&=$($#' &+&)*
&*? +$( &*"(A$# "*$K'($E &A$&? ;"#$%&'(F JA$ $'()=&()"* &*? ;"#$%&'()*+ E#"%$?5#$'
&#$ E$#;"#=$? VOT ()=$' 5')*+ #"--)*+ 8)*?"8' "; G`WR ">'$#:&()"*'F
3'()=&()"*' &#$ %&##)$? "5( 5')*+ (A$ f$#*?(9 7&--9 7&--9 &*? 7&5'=&* Nf777P
&-+"#)(A= ;"# (A$ =&X)=)'&()"* "; (A$ -"+K-)[$-)A""? "; (A$ MI\<7 NG9GP ="?$-F
7"8$:$#9 ?&)-. $'()=&()"* "; & ="?$- )' ()=$ %"*'5=)*+ 8"#[F 78&*+ &*? 6&(%A$--
NGHHRP 'A"8 (A&( (A$#$ )' -)((-$ ?)Q$#$*%$ )* ;"#$%&'()*+ E$#;"#=&*%$ >$(8$$* ?&)-.
GO
$'()=&()"* &*? -"*+$# $'()=&()"* )*($#:&-'9 $F+F9 8$$[-.9 ="*(A-.9 &*? ]5&#($#-.F
1* (A)' '(5?. 8$ $'()=&($ (A$ MI\<7NG9GP ="?$- $:$#. VT ?&.' N&EE#"X)=&($-.
="*(A-. $'()=&()"*P (" &:")? $X%$''):$ %&-%5-&()"*F JA$* (A$ %"$^%)$*(' ">(&)*$?
;#"= (A$ $'()=&()"* &#$ 5'$? ;"# ;"#$%&'()*+ (A$ *$X( VT ?&.'F
N98 5"(.7-(
JA$ #$'5-(' &#$ #$E"#($? )* (&>-$ GF JA$ S#'( ;"5# =$&'5#$'9 jI!39 j6!39 jI0!39
&*? j60!39 &#$ %"*:$*()"*&- &' )* $]5&()"*' NOVP &*? NOWP &*? &#$ *"( ?)Q$#K
$*( &%#"'' (A$ 01234 E&#&=$($# #F JA$ '$%"*? ;"5# =$&'5#$'9 jI!3 9
j6!3 9 jI0!3 9 &*? j60!3 9 &#$ %"*:$*()"*&- =$&'5#$' ":$#
01234 ;"#$%&'('F C$ =&. *"( $XE$%( (" S*? &*. $:)?$*%$ "; &*. '5E$#)"# ;"#$K
%&'()*+ E"8$# "; (A$ 01234 ;"#$%&'( 8)(A (A$ %"*:$*()"*&- =$&'5#$'F 7"8$:$#9 (A$
(&>-$ 'A"8' (A&( ); 8$ %A""'$ &* &EE#"E#)&($ :&-5$ ;"# (A$ 01234 E&#&=$($#9 #9
8$ %&* #$?5%$ ;"#$%&'( $##"# $:$* )* ($#=' "; %"*:$*()"*&- =$&'5#$'F JA$ :&-5$'
"; jI!3 9 j6!3 9 jI0!3 9 &*? j60!3 &#$ &-- -$'' (A&*
(A"'$ "; jI!39 j6!39 jI0!39 &*? j60!3 8A$* !( 7 # 7 ,4(-3F 1* (A#$$ "5(
"; ;"5# %&'$'9 8$ S*? =)*)=5= :&-5$' "; ;"#$%&'( $##"#' &( # # ,4(-3 &*? )* "*$ %&'$
8$ A&:$ & =)*)=5= :&-5$ &( # # !,43F
I-- (A$ 01234 E&#&=$($#' 8A)%A +):$ '=&--$# :&-5$' "; ;"#$%&'( $##"#' &#$ -&#+$#
(A&* !( &*? (A$ %"##$'E"*?)*+ :&-5$' "; (A$ -"+&#)(A=)% %"##$%()"* ;&%("# &#$ -$''
(A&* d$#"F JA)' =$&*' (A&( (A$ "*$K'($E &A$&? ;"#$%&'( "; (A$ MI\<7NG9GP ="?$-
)' >)&'$? 5E8&#?9 +):)*+ '5EE"#( (" (A$ (A&( (A$ MI\<7 ="?$- )' &Q$%($? >. &
'=&-- *5=>$# "; -&#+$ :"-&()-)()$' #&(A$# (A&* & -&#+$ *5=>$# "; '=&-- :"-&()-)()$'F
JA$ -&'( (8" #"8' )* (&>-$ G 'A"8 (A$ #$'5-(' "; (A$ 01234 ;"#$%&'( $##"# =$&'5#$
;"# (A$ MI\<7 ;"#$%&'( &*? (A$ 01234 MI\<7 ;"#$%&'(F I' 8$ $XE$%($?9 &--
:&-5$' "; (A$ 01234 =$&'5#$' ;"# (A$ 01234 MI\<7 ;"#$%&'( &#$ -$'' (A&* (A"'$
;"# (A$ MI\<7 ;"#$%&'( $X%$E( # # (F 2"($ (A&( 8A$* # # (9 (A$ 01234 ;"#$%&'(
$##"# =$&'5#$ )' $]5):&-$*( (" %"*:$*()"*&- =$&* &>'"-5($ "# =$&* ']5&#$? ;"#$%&'(
$##"#'F
JA$ &>":$ #$'5-(' '5++$'( (A&( (A$ 01234 ;"#$%&'( ;#"= MI\<7 ="?$-' )' E#$K
;$##$? (" (A$ %"*:$*()"*&- ;"#$%&'( ;#"= (A$ MI\<7 ="?$- )* ($#=' "; (A$ %"*:$*K
()"*&- j6!3 &*? jI!3F j"#$":$#9 (A$ 01234 MI\<7 ;"#$%&'( E$#;"#=' >$(($#
(A&* (A$ %"*:$*()"*&- MI\<7 ;"#$%&'(F
P :%,/7.(0%,(
JA)' '(5?. 'A"8' (A$ "*$K'($EK&A$&? "E()=&- 01234 ;"#$%&'(' ;"# :&#)"5' :"-&()-)(.
="?$-'F 1* &??)()"*9 (A$ $=E)#)%&- #$'5-(' )* '$%()"* O %"=E&#$' (A$ %"*:$*()"*&-
:"-&()-)(. ;"#$%&'(' 8)(A (A$ 01234 ;"#$%&'(' "; MI\<7NG9GP 5')*+ (A$ =$&* ']5&#$?
&*? &>'"-5($ ;"#$%&'( =$&'5#$' &*? (A$ 01234 =$&'5#$F
GU
D5# S*?)*+' &#$ $*%"5#&+)*+FF !"# (A$ ?&(& '$( %"*')?$#$?9 (A$ 01234 ;"#$%&'('
"5(E$#;"#= (A$ %"*:$*()"*&- ;"#$%&'(' 8)(A &* &EE#"E#)&($ 01234 E&#&=$($#F
!5#(A$# #$'$&#%A *$$?' (" -""[ &( =5-()E$#)"? 01234 %"*?)()"*&- &*? 5*%"*?)K
()"*&- ;"#$%&'('F D(A$# 8"#[ "; )*($#$'( 8"5-? >$ (" $X($*? "5# $=E)#)%&- #$'5-( ("
&-- ="?$-'F I' .$( 8$ A&:$ *" +$*$#&- #$'5-(' &' (" 8A)%A ="?$-' 8"5-? >$ $'E$%)&--.
;&:"5#$? >. 01234 #$-&():$ (" =$&* ']5&#$? $'()=&($' ;"# &* &EE#"E#)&($ ;&=)-. ";
-"'' ;5*%()"*'F
\$;$#$*%$'
I*?$#'$*9 JF MF &*? f"--$#'-$:9 JF9 g0"*+K\5* ,"-&()-)(. L.*&=)%' &*? 7)+A !#$K
]5$*%. \$(5#*'g9 =)6:*$- )/ >,*$*("9 UV NGHH`P9 H`UKGTTUF
f&)--)$9 \F JF9 &*? f"--$#'-$:9 JF9 gl#$?)%()"* )* L.*&=)%j"?$-' 8)(A J)=$KL$E$*?$*(
<"*?)()"*&- ,&#)&*%$'g9 =)6:*$- )/ ?()*)0"&:,(#9 UV NGHHVP9 HGKGGWF
f"--$#'-$:9 JF9 gM$*$#&-)d$? I5("#$+#$''):$ <"*?)()"*&- 7$($#"'[$?&'()%)(.g9=)6:*$-
)/ ?()*)0"&:,(#9 WG NGHR_P9 WT`KWV`F
L&.9 3F JF9 &*? 0$8)'9 <F jF9 g6("%[ j&#[$( ,"-&()-)(. &*? (A$ 1*;"#=&()"* <"*($*(
"; 6("%[ 1*?$X DE()"*'g9 =)6:*$- )/ ?()*)0"&:,(#9 UV NGHHVP9 V_`KVR`F
<A#)'("?"5-&[)'9 MF IF9 &*? 6&(%A$--9 6F 3F9 g7&'A)*+ MI\<7b I \$&''$''=$*( ";
,"-&()-)(. !"#$%&'()*+ l$#;"#=&*%$g9 )* B*)+A(9 @F &*? 6&(%A$--9 6F 3F N$?FP9 >):"4
($#&,*3 @)-$&,-,&% ,* &'" >,*$*(,$- A$:8"&#9 f5(($#8"#(AK7$)*$=&**9 GHHRF
<A#)'("Q$#'$*9 lF !F &*? L)$>"-?9 !F 4F9 g!5#(A$# \$'5-(' "* !"#$%&'()*+ &*? j"?$-
6$-$%()"* 5*?$# I'.==$(#)% 0"''g9 =)6:*$- )/ B55-,"+ ?()*)0"&:,(#9 GG NGHH_P9 U_GK
U`GF
<A#)'("Q$#'$*9 lF !F &*? L)$>"-?9 !F 4F9 gDE()=&- l#$?)%()"* 5*?$# I'.==$(#)%
0"''g9 ?()*)0"&:,( C'"):%9 GW NGHH`P9 RTRKRG`F
<A#)'("Q$#'$*9 lF !F &*? L)$>"-?9 !F 4F9 g7"8 \$-$:&*( )' ,"-&()-)(. !"#$%&'()*+
;"# !)*&*%)&- \)'[ j&*&+$=$*(mg9 C"#[)*+ E&E$# _ROO9 GHHR9 2&()"*&- f5#$&5 ";
3%"*"=)% \$'$&#%AF
L)*+9 aF9 M#&*+$#9 <F CF &*? 3*+-$9 \F !F9 gI 0"*+ j$="#. l#"E$#(. "; 6("%[
j&#[$( \$(5#*' &*? & 2$8 j"?$-g9 =)6:*$- )/ ?05,:,($- >,*$*("9 G NGHHWP9 RWKGT_F
3*+-$9 \F !F9 gI5("#$+#$''):$ <"*?)()"*&- 7$($#"'[$?&'()%)(. 8)(A 3'()=&($' "; (A$
,&#)&*%$ "; (A$ /*)($? B)*+?"= 1*c&()"*g9 ?()*)0"&:,($9 UT NGHRVP9 HR`KGTT`F
3*+-$9 \F !F9 7"*+9 <F9 B&*$9 IF &*? 2"A9 @F9 gI#>)(#&+$ ,&-5&()"* "; ,&#)&*%$
!"#$%&'(' 8)(A 6)=5-&($? DE()"*'g9 B+.$*("# ,* >6&6:"# $*+ D5&,)*# E"#"$:('1 _
NGHHWP9 WHWKOGUF
7&#:$.9 IF <F &*? 6A$EA&#?9 2F9 g3'()=&()"* &*? J$'()*+ "; 6("%A&'()% ,&#)&*%$
j"?$-'g9 3%"*"=$(#)%' ?)'%5'')"* E&E$# 3jeHWeV_R9 GHHW9 0"*?"* 6%A""- "; 3%"K
*"=)%'F
7&#:$.9 IF <F &*? 6A$EA&#?9 2F9 g3'()=&()"* "; &* I'.==$(#)% 6("%A&'()% ,"-&()-)(.
j"?$- ;"# I''$( \$(5#*'g9 =)6:*$- )/ F6#,*"## $*+ ?()*)0,( G&$&,#&,(#1 GO NGHH_P9
OVHKWOF
G_
7&#:$.9 <F \F9 &*? CA&-$.9 \F 3F9 gj&#[$( ,"-&()-)(. l#$?)%()"* &*? (A$ 3^%)$*%.
"; (A$ 6nl GTT 1*?$X DE()"* j&#[$(g9 =)6:*$- )/ >,*$*(,$- ?()*)0,(#9 WG NGHHVP9
OWK`WF
78&*+9 6F &*? 6&(%A$--9 6F 3F9 g1=E-)$? ,"-&()-)(. !"#$%&'()*+b I <"=E&#)'"* ";
L)Q$#$*( l#"%$?5#$' 1*%-5?)*+ !#&%()"*&--. 1*($+#&($? j"?$-' 8)(A IEE-)%&()"*' ("
/B 3]5)(. DE()"*'g9 )* B*)+A(9 @F &*? 6&(%A$--9 6F 3F N$?FP9 >):"($#&,*3 @)-$&,-,&%
,* &'" >,*$*(,$- A$:8"&#9 f5(($#8"#(AK7$)*$=&**9 GHHRF
B*)+A(9 @F &*? 6&(%A$--9 6F 3F9 !"#$%&'()*+ ,"-&()-)(. )* (A$ !)*&*%)&- j&#[$('F
f5(($#8"#(AK7$)*$=&**9 GHHR&F
B*)+A(9 @F &*? 6&(%A$--9 6F 3F9 gMI\<7 l#"%$''$' K 6"=$ 3X&%( \$'5-('9 6"=$ L)^K
%5-()$' &*? & 65++$'($? \$=$?.g9 )* B*)+A(9 @F &*? 6&(%A$--9 6F 3F N$?FP9>):"($#&,*3
@)-$&,-,&% ,* &'" >,*$*(,$- A$:8"&#9 f5(($#8"#(AK7$)*$=&**9 GHHR>F
0&="5#$5X9 <F MF9 &*? 0&'(#&E$'9 CF LF9 g!"#$%&'()*+ 6("%[K\$(5#* ,&#)&*%$b J"K
8&#? &* /*?$#'(&*?)*+ "; 6("%A&'()% 1=E-)$? ,"-&()-)()$'g9E".,"9 )/ >,*$*(,$- G&6+4
,"#9 _ NGHHWP9 VHWKWV_F
2$-'"*9 LF fF9 g<"*?)()"*&- 7$($#"'[$?&'()%)(. )* I''$( \$(5#*'b I 2$8 IEE#"&%Ag9
?()*)0"&:,($9 UH NGHHGP9 WO`KW`TF
2"A9 @F9 3*+-$9 \F !F9 &*? B&*$9 IF9 g!"#$%&'()*+ ,"-&()-)(. &*? DE()"* l#)%$' ";
(A$ 6nl UTT 1*?$Xg9 =)6:*$- )/ H":,.$&,."#9 NGHHOP9 G`KWTF
J&.-"#9 6F @F9 j"?$-)*+ !)*&*%)&- J)=$ 6$#)$'9 @"A* C)-$.b <A)%A$'($#9 GHR_F
,&#)&*9 7&- \F9 gI f&.$')&* IEE#"&%A (" \$&- 3'(&($ I''$''=$*(g9 )* !)$*>$#+9 6F
3F &*? a$--*$#9 IF N$?FP9 G&6+,"# ,* F$%"#,$* ?()*)0"&:,(# $*+ G&$&,#&,(# ,* I)*):
)/ J")*$:+ =; G$.$3"9 I='($#?&=b 2"#(AK7"--&*?9 GH`UF
a$--*$#9 IF9 gf&.$')&* 3'()=&()"* &*? l#$?)%()"* /')*+ I'.==$(#)% 0"'' !5*%()"*'g9
=)6:*$- )/ B0":,($* G&$&,#&,($- B##)(,$&,)*9 RG NGHR_P9 OO_KOUGF
G`
 Table 1  Comparison of Forecasting Results of GARCH(1,1) Model
a 0.375 0.250 0.125 -0.500 -1.000 -1.500 -2.000 -2.500
MAFE of | y t |-h t
1/2
0.1248 0.1248 0.1248 0.1248 0.1248 0.1248 0.1248 0.1248
MSFE of | y t |-h t
1/2
0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226
MALFE of  ln(y t
2
)-ln(h t ) 1.9571 1.9571 1.9571 1.9571 1.9571 1.9571 1.9571 1.9571
MSLFE of  ln(y t
2
)-ln(h t ) 7.7717 7.7717 7.7717 7.7717 7.7717 7.7717 7.7717 7.7717
Conventional Measures Logarithms of Correction Factor (LCF) -3.1657 -2.1695 -1.6325 -0.4516 0.0000 0.3116 0.5493 0.7415
MAFELINEX of  |y t |-(h t exp(LCF))
1/2
0.1253 0.1097 0.1013 0.1058 0.1248 0.1482 0.1709 0.1930
MSFELINEX of  |y t |-(h t exp(LCF))
1/2
0.0315 0.0255 0.0221 0.0187 0.0226 0.0290 0.0370 0.0461
MALFELINEX of  ln(y t
2
)-(ln(h t )+LCF) 2.4641 1.9390 1.7441 1.7745 1.9571 2.1470 2.3085 2.4501
MSLFELINEX of  ln(y t
2
)-(ln(h t )+LCF) 7.8350 5.6539 5.3014 6.5551 7.7717 8.8488 9.8013 10.6538
LINEX Measure LINEX Measure of  ln(y t
2
)-ln(h t ) 1.6295 0.4508 0.0794 0.5056 1.4577 2.8799 5.4951 11.8090
LINEX Measure of  ln(y t
2
)-(ln(h t )+LCF) 0.5795 0.2212 0.0479 0.4619 1.4577 2.7795 4.3608 6.1764
Notes: A total of 1978 daily log-returns of Glaxo Wellcome from 2 January 1990 to 31 July 1997 is used. A rolling sample of the past volatilities is used.

























































































 List of other working papers: 
1999 
1. Yin-Wong Cheung, Menzie Chinn and Ian Marsh, How do UK-Based Foreign Exchange 
Dealers Think Their Market Operates?, WP99-21 
2. Soosung Hwang, John Knight and Stephen Satchell, Forecasting Volatility using LINEX Loss 
Functions, WP99-20 
3. Soosung Hwang and Steve Satchell, Improved Testing for the Efficiency of Asset Pricing 
Theories in Linear Factor Models, WP99-19 
4. Soosung Hwang and Stephen Satchell, The Disappearance of Style in the US Equity Market, 
WP99-18 
5. Soosung Hwang and Stephen Satchell, Modelling Emerging Market Risk Premia Using Higher 
Moments, WP99-17 
6. Soosung Hwang and Stephen Satchell, Market Risk and the Concept of Fundamental 
Volatility:  Measuring Volatility Across Asset and Derivative Markets and Testing for the 
Impact of Derivatives Markets on Financial Markets, WP99-16 
7. Soosung Hwang, The Effects of Systematic Sampling and Temporal Aggregation on Discrete 
Time Long Memory Processes and their Finite Sample Properties, WP99-15 
8. Ronald MacDonald and Ian Marsh, Currency Spillovers and Tri-Polarity:  a Simultaneous 
Model of the US Dollar, German Mark and Japanese Yen, WP99-14 
9. Robert Hillman, Forecasting Inflation with a Non-linear Output Gap Model, WP99-13 
10. Robert Hillman and Mark Salmon , From Market Micro-structure to Macro Fundamentals:  is 
there Predictability in the Dollar-Deutsche Mark Exchange Rate?, WP99-12 
11. Renzo Avesani, Giampiero Gallo and Mark Salmon, On the Evolution of Credibility and 
Flexible Exchange Rate Target Zones, WP99-11 
12. Paul Marriott and Mark Salmon, An Introduction to Differential Geometry in Econometrics, 
WP99-10 
13. Mark Dixon, Anthony Ledford and Paul Marriott, Finite Sample Inference for Extreme Value 
Distributions, WP99-09 
14. Ian Marsh and David Power, A Panel-Based Investigation into the Relationship Between 
Stock Prices and Dividends, WP99-08 
15. Ian Marsh, An Analysis of the Performance of European Foreign Exchange Forecasters, 
WP99-07 
16. Frank Critchley, Paul Marriott and Mark Salmon, An Elementary Account of Amari's Expected 
Geometry, WP99-06 
17. Demos Tambakis and Anne-Sophie Van Royen, Bootstrap Predictability of Daily Exchange 
Rates in ARMA Models, WP99-05 
18. Christopher Neely and Paul Weller, Technical Analysis and Central Bank Intervention, WP99-
04 
19. Christopher Neely and Paul Weller, Predictability in International Asset Returns: A Re-
examination, WP99-03 
20. Christopher Neely and Paul Weller, Intraday Technical Trading in the Foreign Exchange 
Market, WP99-02 
21. Anthony Hall, Soosung Hwang and Stephen Satchell, Using Bayesian Variable Selection 
Methods to Choose Style Factors in Global Stock Return Models, WP99-01 
1998 
1. Soosung Hwang and Stephen Satchell, Implied Volatility Forecasting:  A Compaison of 
Different Procedures Including Fractionally Integrated Models with Applications to UK Equity 
Options, WP98-05 
2. Roy Batchelor and David Peel, Rationality Testing under Asymmetric Loss, WP98-04 
3. Roy Batchelor, Forecasting T-Bill Yields: Accuracy versus Profitability, WP98-03 
4. Adam Kurpiel and Thierry Roncalli , Option Hedging with Stochastic Volatility, WP98-02 
5. Adam Kurpiel and Thierry Roncalli, Hopscotch Methods for Two State Financial Models, 
WP98-01 
